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0 → K0K0 and Other Hadronic b→ d Decays
J. Biesiada∗
Department of Physics, Princeton University,
Princeton, NJ 08544, USA
The b → d penguin-dominated modes B → KK have been observed at the B factories. In
addition, the BABAR collaboration has reported the first time-dependent CP -violation measurement
in B0 → K0K0.
I. INTRODUCTION
These proceedings summarize measurements of B de-
cays to two kaons at the B factories [1] [2]. Observations
of the B0 → K0K0 and B+ → K0K+ decays have been
reported by the BABAR experiment [3] at SLAC and the
Belle experiment [4] at KEK. The BABAR collaboration
has also performed the first time-dependent CP -violation
measurement in B0 → K0K0. The B+ → K+K− de-
cay has not been observed by either experiment and the
upper limits on its branching fraction were improved.
B → KK decays are expected to be dominated by
the b → ds¯s amplitude involving a virtual loop with the
emission of a gluon (Fig. 1). These decays are suppressed
in the Standard Model (SM), with branching fractions
at the 10−6 level. Assuming top-quark dominance in the
virtual loop [5], the direct and mixing-induced CP asym-
metries are expected to vanish in these modes. How-
ever, contributions from up and charm quarks as well as
from non-SM particles could induce sizeable CP asymme-
tries [6]. These modes are thus analogous to the b→ ss¯s
decays in the measurement of virtual effects of contribu-
tions from non-SM phenomena [7, 8]. Additional ampli-
tudes could affect b→ d penguin decays differently from
b→ s penguin decays. In addition, various relations be-
tween branching fractions and CP asymmetries in these
modes provide a test of SM predictions [9]. Finally, the
B+ → K0K+ decay has an annihilation contribution in
the SM (Fig. 1). Thus, the difference in decay rate be-
tween the charged mode and the neutral mode can be
used to constrain the effect of this amplitude in B de-
cays.
FIG. 1: The b → ds¯s penguin transition (left) and the anni-
hilation amplitude in B+ → K0K+ (right).
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II. EXPERIMENTAL METHODS
A. Signal Extraction
Signal decays are separated from background decays
using unbinned extended maximum likelihood fitting
to distributions of kinematic and event-shape variables.
The primary kinematic variables used to identify a recon-
structed signal B candidate are the difference between its
reconstructed energy in the center-of-mass (CM) frame
and the beam energy; and a beam-energy substituted
mass, mES ≡
√
(s/2 + pi · pB)2/E2i − p
2
B , where the B-
candidate momentum pB and the four-momentum of the
initial e+e− state (Ei,pi) are calculated in the labora-
tory frame. Event-shape variables are used to suppress
the dominant “continuum” e+e− → qq¯ (q = u, d, s, c)
background further, exploiting angular differences be-
tween the jet-like topology of continuum decays and the
isotropically distributed decays of BB events. Particle-
identification information is used to separate charged
pion from charged kaon candidates in the B+ → K0K+
and B+ → K+K− decays.
B. Time-Dependent CP Asymmetries
CP asymmetries in B0 → K0K0 are determined from
the difference in the time-dependent decay rates f+ and
f− for B
0 and B0 signal decays, respectively, where
f±(∆t) =
e−|∆t|/τ
4τ
[1± S sin(∆md∆t)∓ C cos(∆md∆t)].
Here ∆t is the time difference between the decays of the
signal B and the other B in the event, τ is the averageB0
lifetime, and ∆md is the B
0−B0 mixing frequency. The
amplitude S describes CP violation in the interference
between mixed and unmixed decays into the same final
state, while C describes direct CP violation in decay.
The time-dependent distribution is corrected for detec-
tor resolution effects and for mistag rates in the flavor
identification of the other B in the event.
B0 → K0K0 decays are reconstructed in the K0K0 →
KSKS and KS → pi
+pi− sub-decay modes. As the KS
meson has a relatively long lifetime of 90 ps, its de-
cay vertex is separated from the B decay vertex by a
2few centimeters, which complicates the measurement of
the z position of the signal B in the absence of prompt
charged tracks originating from its decay vertex. To per-
form the measurement, BABAR used a method previously
employed in other KS analyses without prompt charged
tracks, wherein the B meson is constrained in the vertex
fit to decay within the beamspot in the plane transverse
to the beam direction [10]. This method exploits the
threshold nature of the Υ(4S) → BB decay, where the
B mesons are almost at rest in the CM frame (p∗B ≈ 300
MeV/c) and therefore have negligible displacement in the
lab frame in the non-boosted transverse direction. The
resulting resolution of the z position of the signal B ver-
tex is still better than the resolution on the vertex po-
sition of the other B in the event, yielding a ∆t preci-
sion (approximately 0.9 ps) comparable to that in modes
where the signal B has prompt charged tracks in the final
state. OnlyKS mesons that decay within the Silicon Ver-
tex Tracker can be used with this technique. However,
as there are two KS mesons in the final state, while only
one is needed to employ this method, the fraction of sig-
nal decays suitable for the time-dependent measurement
at BABAR is approximately 82% in this mode.
If no time-dependent measurement is performed, an
integrated flavor or charge asymmetry can be measured:
ACP =
(
NB0,B+ −NB0,B−
)
/
(
NB0,B+ +NB0,B−
)
(1)
A non-zero value of this asymmetry signifies the presence
of direct CP violation. In the B+ modes, this is the only
possible CP measurement.
III. EXPERIMENTAL RESULTS
A. B0 → K0K0
Both B factories observe clear signals in this decay
mode, with a branching fraction at the 10−6 level, in
agreement with each other and Standard-Model expec-
tations. BABAR observes the signal at the 7.3σ level
of significance, including systematic uncertainties, while
Belle’s observation is at the 5.3σ level. The branching
fraction results are summarized in Table I, while projec-
tions of the fitted data in the mES and ∆E variables with
the results of the fit overlaid are shown in Figs. 2 and 3.
The results of BABARs´ time-dependent CP measure-
ment are presented in Table I and Fig 4. While the
errors are still large, the measurement already excludes
a fraction of the physically allowed region at a confi-
dence level of greater than 3σ, as seen in Fig. 4. In
particular, large positive values of S are disfavored, al-
though more data is needed to confirm this result. Belle
did not perform a time-dependent measurement, but
measured the time-integrated CP asymmetry, reporting
TABLE I: Experimental results on B0 → K0K0 decays, with
the number of BB pairs listed in the last column.
Experiment Observable N
BB
× 106
BABAR B = (1.08± 0.28 ± 0.11) × 10−6 347
S = −1.28+0.80
−0.73
+0.11
−0.16
C = −0.40 ± 0.41± 0.06
Belle B = (0.87+0.25
−0.20 ± 0.09) × 10
−6 449
ACP = −0.58
+0.73
−0.66 ± 0.04
TABLE II: Experimental results on B+ → K0K+ decays,
with the number of BB pairs listed in the last column.
Experiment Observable N
BB
× 106
BABAR B = (1.61± 0.44 ± 0.09) × 10−6 347
ACP = 0.10 ± 0.26± 0.03
Belle B = (1.22+0.32
−0.28
+0.13
−0.16)× 10
−6 449
ACP = 0.13
+0.23
−0.24 ± 0.02
ACP
1 = −0.58+0.73−0.66 ± 0.01.
B. B+ → K0K+ and B+ → K0pi+
Both B factories observe clear signals in this decay
mode, with a branching fraction at the 10−6 level and a
significance of 5.3σ in each experiment. The branching
fractions are slightly higher than the corresponding val-
ues for the neutral mode in each experiment. Although
the errors are too large at this point to make a substan-
tive comparison, if this discrepancy holds up it would
indicate a significant effect from the annihilation ampli-
tude in the charged mode. The results are summarized
in Table II, while projections of the fitted data in the
mES and ∆E variables with the results of the fit overlaid
are shown in Figs. 2 and 3. The B+ → K0pi+ mode has
the same topology as the B+ → K0K+ mode, and its
branching fraction is determined from the same fit, sep-
arating the two modes with particle ID. The results are
in Table III. Neither experiment observes a significant
direct CP asymmetry in either mode.
C. B0 → K+K−
This mode is dominated by a W -exchange ampli-
tude and is not expected to be seen at the B facto-
ries, although long-distance rescattering and effects from
beyond-SM physics could affect this conclusion. The ex-
pected SM branching fractions are expected at the 10−8
to 10−7 level. Neither experiment sees any evidence for
this mode, and upper limits are set as summarized in
Table IV [2] [12].
1 ACP = −C
3FIG. 2: Distributions of mES (left) and ∆E (right) in data (solid histogram) from the Belle experiment with the results
of the fit overlaid for signal (dot-dashed), continuum (dashed), charmless B decays (hatched), feed-across background from
misidentification (dotted), and the sum of all components (solid).
FIG. 3: Distributions of mES (left) and ∆E (right) in data (points with error bars) from the BABAR experiment for signal (main
plots) and background (insets) for K0pi+ (a,b), K0K+ (c,d), and K0K0 (e,f) candidates, with the results of the fit overlaid
(solid lines). The distributions are obtained with the sPlot technique [11].
4FIG. 4: The left plots show the distributions of ∆t in BABAR ′s
time-dependent fit to data for decays tagged as B0 (top) and
B
0 (middle), as well as the asymmetry (bottom). The dot-
ted line shows the PDF projection of the fit for the back-
ground component, while the solid line is the sum of signal
and background. The plot is enhanced in signal decays using
additional selections on probability ratios of the variables not
shown in the plot. The right plot shows the result (point with
error bars) and the physically allowed region (solid circle) in
the S versus C plane. The likelihood contours correspond to
changes in −2 logL of 2.3 for n = 1, 6.2 for n = 2, and 11.8
for n = 3.
TABLE III: Experimental results on B+ → K0pi+ decays,
with the number of BB pairs listed in the last column.
Experiment Observable N
BB
× 106
BABAR B = (23.9 ± 1.1± 1.0) × 10−6 347
ACP = −0.029± 0.039 ± 0.010
Belle B = (22.8+0.8
−0.7 ± 1.3) × 10
−6 449
ACP = 0.03± 0.03 ± 0.01
TABLE IV: Experimental results on B0 → K+K− decays,
with the number of BB pairs listed in the last column.
Experiment Observable N
BB
× 106
BABAR B < 0.5× 10−6 at 90% C.L. 227
Belle B < 0.41× 10−6 at 90% C.L. 449
IV. FUTURE OUTLOOK
Each of the B factories is expected to accumulate
1 ab−1 by the end of operations in 2008. With these
datasets, the error on the branching fractions of B0 →
K0K0 and B0 → K0K+ should decrease to the 15% level
for each experiment. Also, each collaboration should
achieve an error of ∼0.4 on S and ∼0.25 on C in
B0 → K0K0. These results will provide meaningful
comparisona with theoretical predictions and constrain
contributions from beyond-SM physics in b → d FCNC
decays. The effect of the annihilation contribution in
B0 → K0K+ will be constrained as well.
V. SUMMARY
The B factories have observed the b→ d penguin dom-
inated modes B0 → K0K0 and B0 → K0K+. The mea-
sured branching fractions are consistent with Standard
Model predictions, although experimental errors are still
too large for precision comparisons. BABAR has also per-
formed the first time-dependent CP violation measure-
ment in B0 → K0K0, excluding a part of the physically
allowed region at greater than 3σ significance. This is the
first step in the investigation of CP violation in b → d
flavor-changing neutral-current decays.
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